
MICRO-SPECTROSCOPY AS A TOOL FOR DETECTING MICRON-SCALE MINERAL
VARIATIONS ACROSS A ROCK SURFACE: AN EXAMPLE USING A THIN SECTION OF
MARTIAN METEORITE ALH 84001.  J. Brad Dalton (dalton@mail.arc.nasa.gov) and Janice L.
Bishop, SETI Institute/NASA-Ames Research Center, Moffett Field, CA 94035.

Introduction:  Imaging spectroscopy is a powerful
tool for mineral detection across broad spatial regions.
A prototype micro-imaging spectrometer at NASA-
Ames is tested in this study on a scale of tens to hun-
dreds of microns across rock surfaces.  Initial meas-
urements were performed in the visible spectral region
on a thin section of martian meteorite ALH 84001.

Martian Meteorite ALH 84001:  Numerous de-
tailed studies of ALH 84001 have been initiated since
its identification as a martian meteorite [1], partly ow-
ing to its prominence as a potential carrier of evidence
for life on Mars [2].  Bulk reflectance spectra of chip
surfaces [3] and a particulate sample [4] of this mete-
orite have been completed.  These and other studies
confirm low-Ca pyroxene as the dominant mineralogy
of this meteorite and have identified small grains of
magnetite and Mg-Fe carbonate, plus a variety of or-
ganics.

Instrument:  The Kairos Scientific Microscopic
Digital Imaging Spectrometer (MicroDIS) is a high
resolution infrared imaging microscope (HIRIM) and
was developed for biological applications.  It utilizes
an Olympus BX60 microscope, a Peltier cooled CCD
camera, and computer-interfaced monochromator [5].
CyberDIS software is provided with the instrument
that enables sorting of spectra in the entire image in
order to identify spectrally dominant signatures as well
as problematic spectra.

Measurement Procedure:  We selected a region
of the martian meteorite ALH 84001 under 10X mag-
nification that showed darker grains on the left and
lighter grains on the right separated by what appears to
be a fissure cavity (see Figures 1-3). The image was
focussed using the 510 nm channel because this
showed a good response for all areas of interest.
Spectra were run of this region from 430 to 800 nm at
5 nm spectral resolution.

Using the Kairos software we selected groups of
absorbance spectra from related regions in the magni-
fied image.  Figure 1 shows an image with the fissure
cavity marked in red, Figure 2 shows an image with a
pyroxene grain marked in red, and Figure 3 shows the
rim of the fissure marked in red.  Note that the rim in
Figure 3 surrounds but does not include the material
marked in Figure 1. Spectra were also acquired for the
bright region shown in these images and the
glass/epoxy layer outside the area of the sample in the
thin section.  Selected raw absorbance spectra of this

sample are shown in Figure 4.  The bright region and
the fissure rim spectra look much like the glass/epoxy
spectra and are distinct from the spectra of the pyrox-
ene spot and fissure cavity region.

Spectral Processing:  Additional spectral proc-
essing is required for this sample because of the glass
and epoxy binding the meteorite in the thin section.
Shown in Figure 5 are spectra of the regions marked in
Figures 1 and 2 after normalizing to the fissure rim.
This was attempted because the fissure rim exhibits
some spectral characteristics similar to those of the
outer glass region. This may represent the upper
glass/epoxy layer above the meteorite sample in the
thin section. Unfortunately we were unable to com-
pletely remove the signature of the glass/epoxy sub-
strate by this method. For comparison, bulk reflectance
spectra of two spots on the surface of ALH 84001, split
271 (from [3]) and a particulate magnetite sample
measured at the Brown University RELAB facility are
also shown here.  Shown in Figure 6 are spectra from
regions shown in Figures 2 and 3 that were first con-
verted to reflectance, then normalized to a glass spec-
trum and then to the fissure cavity spectrum.  Rem-
nants of the glass bands at 550, 595 and 680 nm occur
in many of the spectra even after these normalization
attempts. Still, Figures 5 and 6 demonstrate the ability
of micro-imaging spectroscopy to isolate and identify
components which are not separable in bulk spectra.

Work in progress:  We will continue to refine
normalization techniques that will better enable sepa-
ration of the spectral signatures due to minerals from
those of the thin section glass and epoxy.  We are also
hoping to run some spectra on this ALH 84001 thin
section in the infrared region.  We are also planning to
run spectra of a few grains from ALH 84001, split 92,
in the hopes of simplifying and improving the spectral
processing required.  Our goal is to identify variations
in the Fe mineralogy of this meteorite at the micro
scale across broad spatial regions.
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Fig. 1  10X Image of ALH84001 thin section with
fissure cavity spectral region marked in red.

Fig. 2  10X Image of ALH84001 thin section with
pyroxene spot spectral region marked in red.

Fig. 3  10X Image of ALH84001 thin section with
fissure rim spectral region marked in red.
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Fig. 4  Raw absorbance spectra measured using micro-
visible spectrometer of regions shown in Figs. 1-3 on a
thin section of ALH 84001, plus the thin section glass.
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Fig. 5  Normalized absorbance spectra from Fig. 4 com-
pared with bulk reflectance of ALH 84001 and magnetite.
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Fig. 6  Normalized reflectance spectra from Fig. 4, plus
bulk reflectance of ALH 84001 and magnetite.
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